Oculocerebrocutaneous syndrome (OCCS) is a rare disorder characterized primarily by congenital skin, eye, and brain anomalies. The most distinctive findings are hypoplastic or aplastic skin defects; pedunculated, typically hamartomatous, or nodular skin appendages; cystic microphthalmia; and a combination of forebrain anomalies and a specific mid-hindbrain malformation. Based 4. OCCS is a rare but highly recognizable disorder that consists of patches of skin aplasia or hypoplasia, unusual skin appendages, microopthalmia and orbital cysts, and multiple brain malformations.
| INTRODUCTION
Oculocerebrocutaneous syndrome (OCCS), also known as DellemanOorthuys syndrome, is characterized by a triad of congenital eye, brain, and skin malformations (OMIM 164180) . The first reports of OCCS appeared in 1981-84, although a few older and less complete reports had been published earlier under other headings (Delleman & Oorthuys, 1981; Delleman, Oorthuys, Bleeker-Wagemakers, ter Haar, & Ferguson, 1984; Dollfus, Marx, Langlois, Clement, & Forthomme, 1968; Ladenheim & Metrick, 1956; Renard, Fontaine, Dhermy, & Caquet, 1964) . Considering only patients with sufficient information to establish a reasonable diagnosis of OCCS, at least 40 patients with OCCS are known to date, including 35 previously published (Supporting Information Tables S1 and S2 and References).
OCCS thus belongs to the group of ultrarare syndromes. In its complete form the phenotypic hallmarks are obvious and unlikely to be missed, although incomplete forms could be more common.
| CLINICAL FEATURES

| Skin features
The most common skin features consist of focal hypoplastic or aplastic skin defects (aplasia cutis congenita) and unusual skin appendages (Supporting Information Table S1 ). The hypo-or aplastic defects can be small (several mm) and punch-like or large (several cm, Figure 1a c). They are located primarily on the face or neck, or on the scalp within areas of alopecia, and rarely extend to the trunk. No particular pattern has been defined. A postauricular crescent-shaped lesion ( Figure 1c ) has been observed in 13 of 40 patients and may be unique to this syndrome (Clericuzio, 1989) . Linear skin defects have been seen in only a few patients. Most skin appendages are located in the face, especially around the orbit, and only rarely extend to the trunk.
The most characteristic appendages are pedunculated, and may be finger-like and able to move (Figure 1d-f) . These have been histologically classified as striated muscle hamartomas (SMH). Other appendages are small and nodular, often occurring in small clusters ( Figure 1g ).
| Ocular features
The most common eye anomalies are congenital orbital cysts with cystic microphthalmia (MOC, Figure 1e ) seen in 27 of 40 patients, while a few have either orbital cysts or microphthalmia (Supporting Information Table S2 ). Colobomas of the eyelid were seen in 18 of 40 patients, including one with an iris coloboma as well. Less common eye anomalies, sometimes seen in the contralateral eye, include persistent hyperplastic primary vitreous and cataracts.
| Brain features
Most if not all individuals with OCCS have a complex pattern of brain malformations that is provisionally unique and easily recognized when all components are present, defined from review of brain imaging in 18 patients (Table 1) . Given the rarity of OCCS, many studies were older (with lower resolution) or consisted of only selected images still available for review. In all, we have reviewed high-resolution MRI for three patients, limited MRI for another six, head CT scans for four, and a few published images for another five patients. The key features consist of a complex malformation of cortical development with both cortical and subcortical components, a striking brainstem-cerebellar malformation, and constant and usually striking asymmetry.
The cortical malformation consists of polymicrogyria (PMG), subcortical infolding or heterotopia found underneath the most severe areas of PMG which was not emphasized in our prior report (Moog et al., 2005) , and scattered periventricular nodular heterotopia, which FIGURE 1 Skin and eye lesions in OCCS (color figure can be viewed online). (a) Large focal skin defects on the right neck; (b) small punched-out focal skin defects on the left side of the nose; (c) typical postauricular crescent-shaped lesion above the left ear; (d-f) pedunculated, finger-like skin appendages over the face in three subjects; (d) microphthalmia; (e) orbital cyst; and (g) small, nodular skin tags, eyelid coloboma, and microphthalmia on the right. Informed consent was obtained for publication of all photographs. (a) Moog, Jones, Bird, and Dobyns (2005); (e, f) Moog, de Die-Smulders, Systermans, and Cobben (1997), and (g) Moog et al. (1996) reproduced with permission right more severe than left; SUB = subcortical malformation or heterotopia; SYM = symmetry of cortical malformation (*less severe side has only subtle malformation); TL = temporal lobe. Any entry in parenthesis is probable but not certain due to low resolution or limited images available for review. The shaded studies were reviewed based only on a few published images.
are sometimes connected to overlying subcortical heterotopia and sometimes consist of single or a few noncontiguous isolated heterotopia (Figures 2 and 3 ). The malformation was always asymmetric and often highly asymmetric. In the 18 patients we reviewed, the cortical malformation was more severe over the frontal lobes in 13, more severe over posterior regions in only 2, and indeterminate or diffuse in the last 3 patients; it was also more severe on the left in 13 and more severe on the right in 5 patients (the latter an interesting trend, but not statistically significant). Other supratentorial abnormalities include complete or partial agenesis of the corpus callosum (ACC), interhemispheric and less often intraventricular cysts, and enlarged dysplastic lateral ventricles.
The mid-hindbrain (brainstem-cerebellar) malformation in its complete form is striking and consists of variable brainstem hypoplasia, the rare "giant tectum absent vermis" (GTAV) malformation, and variable but usually asymmetric cerebellar hemisphere hypoplasia
The classical brain malformation of the oculocerebrocutaneous syndrome (OCCS). Brain magnetic resonance imaging from Patient 1 providing details of the OCCS brain malformation. Images through the cerebral hemispheres show an irregular surface, reduced sulcation, thick 10-15 mm cortex, and reduced white matter typical of polymicrogyria involving the left frontal, temporal, and parietal lobes (Panels f-h, j-p, and white arrows in Panels g, k, and l). the lateral ventricles are mildly enlarged, especially on the left, and the corpus callosum is absent (Panels e, i, and j; black arrows in Panels i and j). Images through the posterior fossa show a massively enlarged tectum and absent cerebellar vermis. The midbrain tegmentum is flexed forward but otherwise normal. The aqueduct is short and nearly horizontal (horizontal white arrow in Panel e), and enlarges into the fourth ventricle behind the upper midbrain. The fourth ventricle is continuous with a large posterior fossa fluid collection. The midbrain tectum is greatly enlarged (black arrows in Panels e, h, and o) and rotated upward; it appears to form an arch over the enlarged aqueduct (black arrows in Panels g, l, and n). In its complete form with PMG, subcortical heterotopia, ACC and GTAV, the OCCS-associated brain malformation is probably pathognomonic. Incomplete forms occur and are more difficult to recognize.
Limited descriptions and a few published figures for another 22 patients were generally supportive. 
| Development
Developmental data is available for 31 patients. Most (24 of 31) had developmental delay (DD) and/or intellectual disability (ID), which was severe in 7 and moderate or unspecified in 11 patients (Supporting Information Table S2 ). Another seven patients developed normally up to a reported age of 2 months to 3 years. The last six patients died from causes related to the syndrome or were affected fetuses. About half of the patients had epilepsy or an abnormal EEG, with seizures well controlled in most individuals. Of the remaining patients, seven
were specifically noted to have no history of seizures.
| Infrequent features
In addition to the key features reviewed above, skull, rib and vertebral defects are commonly seen in OCCS. Craniofacial clefts were seen in 8 patients, including small unilateral defects in the nasal ala in 5 of 40 patients that take the form of a small notch or distinct cleft. All five involved the left side of the nose, consistent with the predominant left-sided brain malformations. Also, cryptorchidism has been reported in eight patients.
| Diagnostic criteria
We have adapted the diagnostic criteria first proposed by Hunter (2006) , still taking into account the most typical features in the three major systems but placing more weight on the striking GTAV malformation of the brain, redefining other brain features, and leaving additional systems out of consideration (Table 2) .
| DIFFERENTIAL DIAGNOSES
| OCCS overlap with Aicardi syndrome
The typical brain malformation associated with OCCS overlaps substantially with the brain malformation seen in Aicardi syndrome (OMIM 304050), another rare pattern recognition syndrome that is also thought to be X-linked with embryonic lethality in males and is also reviewed in this issue of the Journal. Most of the brain malforma- 
| Further differential diagnosis
Several other rare disorders have been repeatedly included in the differential diagnosis of OCCS because of phenotypic overlap. However, they are not difficult to distinguish with full expression of key features, as summarized below. 
| Focal dermal hypoplasia (FDH; OMIM 305600)
FDH or Goltz syndrome is another X-linked disorder that affects predominantly females that is characterized by a combination of cutaneous, ocular, neurological and skeletal features. It is caused by mutations in PORCN, a modulator of Wnt signaling. The prominent cutaneous features include focal hypoplastic or aplastic skin lesions often with herniation of fatty tissue, and linear streaks of pigmentation that can resemble OCCS (Bostwick, Fang, Patel, & Sutton, 2016) .
In contrast to OCCS, the skin lesions commonly follow the lines of (Moog et al., 2007) .
ECCL is associated with a disposition to lytic bone lesions, jaw tumors, and gliomas (Bennett et al., 2016; Moog, 2009) . In some patients recurrent postzygotic activating mutations in FGFR1 and rarely in KRAS (Bennett et al., 2016; Boppudi et al., 2016) have been reported.
Whereas at a first look ECCL may easily be confused with OCCS, the typical features are all different, especially the ocular and brain defects.
| Oculoauriculovertebral spectrum (OAVS, OMIM 164210)
OAVS ( (Angle & Hersh, 1997; Leichtman, Wood, & Rohn, 1994; McCandless & Robin, 1998; Ming et al., 1998) . One boy had PMG over the frontal lobes, ACC and a midline cyst and so possibly had OCCS (Angle & Hersh, 1997) . Chromosome analysis has been performed on lymphocytes in many patients and on skin tags in a few patients with OCCS, always with normal results. We performed chromosome microarrays on lymphocyte-derived DNA using the Affymetric 6.0 SNP-array in four affected males (Patients 1, 2, 35, 40) but found no recurrent CNVs including none on the X-chromosome (Sajan et al., 2013 
| Evidence for mosaicism
The malformations observed in OCCS are uniformly asymmetric, either unilateral or bilateral but always much more severe on one side.
From our review, the eye and skin abnormalities appear unilateral in half and bilateral but asymmetric in the other half, whereas the brain abnormalities are almost always bilateral but asymmetric. As might be expected from similar syndromes, the eye, brain, and skin features are almost always more severe on the same side. The asymmetric and patchy pattern of malformations combined with the absence of any reports of familial recurrence first led Happle to hypothesize that OCCS as well as several other patchy disorders results from postzygotic (mosaic) mutations of one or more genes that would be lethal in the nonmosaic state (Happle, 1987) . Remarkably, mosaicism has been proven for all of the disorders proposed by Happle except for OCCS. Still, the preponderance of available evidence suggests that OCCS is indeed caused by mosaic mutations of one or more genes, with one gene likely located on the X chromosome.
| FUTURE DIRECTIONS
In summary, OCCS is a rare but highly recognizable disorder that consists of patches of skin aplasia or hypoplasia, unusual skin appendages that often appear finger-like, microopthalmia and orbital cysts, and multiple brain malformations including PMG, heterotopia, ACC, cerebellar hypoplasia, and the very rare giant tectum-absent vermis malformation.
While the cause of OCCS remains unknown, few genome-wide sequencing studies have been done because of the extreme rarity of the disorder, the predicted mosaicism, and the paucity of DNA samples, especially DNA derived from affected tissues rather than blood or saliva. Despite our focus in collecting samples over more than a decade, we have not yet obtained DNA from other female patients or DNA derived from affected tissue. The obvious next step is to perform genome-wide sequencing using DNA samples derived from affected tissue in multiple trios. In addition, additional X inactivation studies need to be performed in female patients and their mothers.
